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■K»a»©, kFifofi7Jl<75>7>7'ni3?iJ£r]-r-- 

[B!*B2] E3"J#^2iC^SnS-2 4#B~+4 

©. thJfa}l7;i'^5>^W7 p DEJS*a-FT*DN 
Att F7"D7M , >-7yU<7^ F-fV^5— Ote=Pi 

m*a 3 ] nettiH&UOT&tHre 2 tc* $ ns 1 

*gi2E*©jIlg»e?. 

msa 4 ] m*m 1 ~ 3 © v»rm&»-3icE*©a 

e 

ftEl&LTfc &n*»gEJJM*. 

[S!*S 7 ] 1 ~ 3 © friTti*— * £E*©» 

lafiftl*! 5 Xtt 6 E«©»fSEft#l>3-e5S3tS 

m*9 8 ] mim 1 - 3 © v»r na>-EKE«©a 

#£3SUTfflJfc*kF7*nx'f>i>7.a<7-f F-fV* 
ffflEi&&Ak h^n^-T >-^XJl/7-i- F-f 7*5— 

7 - ic «t -o xftfmm- % z. t £!&@t t f -a n $a 8 

m&n 1 0 ] m^va 7-9 ©^rn^-aicEis© 
aftfcioTfc&na, E?us^3K:^sn-5isi~ 

tH^S 1 1 ] 1 ~ 3 ©urn* 

ai iE«©^se«#. 

- Fraafi^TftaBMw 1 1 §s«©jBxe&#. 



(2) &BW6.-3 8 7.7 1 

2 

mtm 1 4 ] M*a 11-13 0irvrn*-afcE 

*©J&X£&#I>3T, kF^Dx-f>^;V7^ F-f V 

Frs^jiaieyitftssBattTBt^uA^Fft* 

*#U<7^F©«jfc&S. 

tM*9I 15] *U ^^5=- F*tk hJbflJT^S >T 
*S»*«14E«©#tt. 

[XQ©BMfcR9i] 

i0 [0 0 0 1] 

*7 -r Ftt£©£&E««ttttr« w t fcj; D# U ^ 
5 1 F©i8^»ji^S:{EiirS»5R7 r nx'f >5>JUI,7 
-f F-f V^5— K*3-Fr*3tfiT«)5WK«r*; 

u £3 -f 

rs^*jte?t©*5Es«tnrs. 

[0002] 

[fi£*©8ffij in vitro T©gtegaX©PM»a(Ref 
olding) X*©IMU:D. #U</^F©7*--;icrV 
3D >^a«£«Srr£EfSi:LT, y^7^^Ftl^© 
Sttftt T'n 'J >m- FoJHtfcEJfoi*** c: i**5D 
6n (PreedmaD, CeU 57, 1069-1072, 1989;Fisher & 

Schmid, Biochemistry 29, 2205-2212,1990) > 7*— 
Jl/f-f >^EJ6fcistt»Cft6©av»KJt:tlW(W*» 
JUiLT. ^?-7;i/^nU;W->^h7>^ 
•fV^5— K (PPI) UtCftrnr-f >-7XJV 
7-f MV^7- if (PD1) t^VF^-»tt^A« 

jiv>a$nT^«. in vitro ©swca. cne.©!* 
50 n, aen*ttKfflisnfcTistt«e«©iji yitr 

p_T©H*lric'v©fiJffi*ajA6nTV»* (Schein, Bio 
/ Technology J, 1141-1148, 1989 ; »SS=, B*jS 
^it¥£& 64. 1035-1038, 1990) . 
[0 0 0 3] PDIlt pjg^ «aS©ffFB*61k 

K«^aicmsi$n. -e©««i:UT©i4H*ii¥aBfcss 
^&nTW5>. pd i ?*-;v/>'xjW7w FJS-& 

©SlfeKl&SttjKL/, SeHSR©^X^7-{ HtlrfrO 
• Sttft • fe5Vi«3i7c£ff 5 C (Free 
dman, CeU 57,1069-1072, 1989) . PDIteln vHr 

tS7;u7'5 >&i:©#s Fj»-f >*e»ft*se©*£© 

5HFrtT©5?^7-/ F»-&©»j3c^>S!«SjS*ffiJil/ 
fcrj, xtt^a^D^'J>^>^Dn7-y>&t*©«k3 
F«ig^^ses©^w-c©-7x;P7 

^ F*S^O»J*aif©K«:*IB8r*ri:«»»5nTlr» 
5 (Freedman, Nature 329, 196, 1987). 
[0 0 0 4] «?LS43l5©PDIti, 5 S 

U #*?ftTK14S©i65V»p I ffl (pi 4.2~4.3 ) 
50 oTH5. 
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CO 0 0 53 vv h©ffFKfcfe©PD I ■£© 

m&r?#*mzn. *©»e^ ©^se?j.±: opdi© 
75/ ws&iim&z ti. p d i at 2 afg©« Ettmft 

07 s. ;mmmtmwim<$>z>zLt&M>»ih-2n, sua 

©fitt«35ti:75/KE5B*J$oi:*A6ftTW5 (Edna 
n et al., Natnre317 , 267-270, 1985). ^UK* 
v>l4, in vivoT-f >i>a. U ><Dz?7>)lyj HIS-nfe 
STcbfcD, RNase OitZJiyj KKS^©S«EJS*<E 
Jfr«tt*»-C€, in vIvoT©aejt©7*-;p7 s -C 
V^iiSTPD I fcH*©**fc"r*Cfc*»SR«anT 

CPigict a Schuster, Proc. Natl . Acad . Sci . 
USA 83, 7643-7647, 1986). 

[0006] pd i ©±ft«T©#«Efitt, m&vmm 
*BB©#fca»©8v>K:J:r>TSfc5*t, rcrt 

-tur, ges©^»©ieiciija-rs^t*t 

»6nTV>S/MB#l*i«fcPD I atBBfcJMEfcl/TV* 

«sna»»ge«©>'^ji'7-f Ffttft©£AR:B#i 

J*B*JBV». J E5 f JI/5RiUTT-i"J7^>©^)StS 
ffV», COB. PD I *£V>Kl,fc*Bft#B£ttTtt 

j&setA/ifiesfc^at, pd ism*.*^ 

ftTV>3 (Bulleid ft Preedman, Nature , 335 649-65 
1, 1988) . 

C0 0 0 7] PDii:ot>m z?x)i74 Fts&am 

*^©B4«WHC. SSH©SIR«©A6©^fl(SKfis:iC% 
■to?TV)«BUK«l6nT^«. «A«. PD 1 11 
7n n 5-y >©7n u >SS**Kft-T -5 y n 0 
4 -/vf Fd*->5— t©M«Sta.— y hTfeSfl-tJ-^a 

^saawN-^un^wkoiseT. b 

m&ttiaZtlZ-*? 1 ? H©->^^E^J Asn-X-Ser/Thr 
S^Bf 5 if >J 3 ->;i/{tBSffi!e-&g 6® (P i h 1 a j an i eini 
et al., EMB0 _J. _6, 643-649 1987 ; Gee tba-Habib e 
t al., CeH 54. 1053-1060 1988) , ^SltSfcv *F 
JRB*J^ >&£Sa« ( t r i i odo-L- thyron ine bind ing 
protein) (Cheng et ah J. Biol . Chem . 262 , 11221- 
11227, 1987>a£t©H-tt*«5«Sn. PDIirfCDI 

an©«*Ei6fc*tfa*«istt*«««snT^*. c 
nec^nicjn^, pd i^tBs^-s^a-pass 
at, 73/BEB±K*v»T«Htta«**a^at>.B^ 
tBsnrv»*. ^-ne.©^jtbT«PDi©gtt6Bfi:i: 

% A 6 tit » 5 7 5 J imM i*B 5 E?!l£8 

yx^-f Fifc£©ll£ft£M!rfs;i£atjl,v>ffi 
$nfc7*'J hneXFolli tropin) ^hDtf> (Lu 
tropin) &£©ttBBB*;i' i E>-t> (Boniface ft Reicbe 



(3) <8PB¥6-3 8 7 7 1 

4 

rt et al.. Science 247 , 61-64, 1990), *^77 
J is 1 — M, 5-b*X3jxX7x-f h SI, 2-5^7 is 
)VtfU±U-)Vt^( J *s h-;H, 4, 5- h D *X 7 x- r- 

K»*$Hrr*»*Tr*D-*©4HWcPD i tffii^tt 

(Bennettet al., Nature 334 , 268-270, 1988 ) , 
PDI^PDI ISiH^oafclWTOfcfcaTJfcttWfc 

[0 0 0 8] ^±©i^fcj£<8&S!i#^lSanT^5 

jo a*, pd i ^fi^mm^prBca^i-maivx^y^ 
FB*©Bttfl:*amu 5^s©is&siig£8t>fcga 

ta^Lb«Ltf, a^t'fl;¥s§iwfcs©PDiatg 

s^a*?* H-r v*9— tgftatfiv>s-&icti, ses 
aHTORtf^m-c©^*/!^ Hjntft»*atfi<, 

swaMsuctat^ssns. a*©jfcR£<a>Ei3*©g 
as miz&&wt&&m> at, *BBrt-e*i§<b#^B 
a? ^s^-rsMHwitjatc©^;^^ F'fV;*? 

— tfSi4©fiSlC*-5i%A*CtfcpItgT$.5. *B 

itii vxfry* \*S7twmtvm-v\i*i'i'> 

Sr^trat, ftVH+^XJ^^^ HBtcBB2:U 
TfcPD I iO-b^T?**at, <fV*9— Kfcl/T© 

i&geai-&»ac#snai:£a>*>, #»B©&v>iffl 
x;w7w FB^Sttatssv^tat^sftsat, nmtz 

5y F©a*©BB©*B*tt<>ftPD I mRNA-£S©tt; 

30 t* (ffFK>i»ia, f?»>i$>flim, »ia>^R>jiaffl 

BD av6C©r.i:at3i<^iSanTU4 (Edman N 
ature _314. 267-270, 1985) . 

[0009] m7t2nitvtt&<ommm&%-£:f$. 
e>t§>tLT$x*>ft?tm-&\z\t. m®ity*-)Vr4> 
{foftMz&gt-znzvzjvyj vte-soi&mmm 

M^atfc^j^ftKs&ftcwffirtT^i;*. c© 

40 a-e-^sfttats^^oa^un^vi. >ia«ADNAS 
fl5£fflv>T> ^rffl^sas (^-©^< ii^*tt©ges 
■cs>5) 5£®^$-&«t^t-r-5t€, -^©seaicsu 

l«B^©»B**i:a*»**iS«*t 
-€-©fc»fcB. 8£BBP3©g& <MQ1ta>n 
-h^>h) at|ISL»lj-ntf^e.)5:ViT^5 3b. -t 
©53^ (3>A-h^>h) fc«»tt©?8VJ5?X;V7^ 

[0 0 10] cne^O©.«ttia^ADNASffi£fflVi 

50 r. s?x^7-f Hjfr&s*r*aaB«a*j:<B*a 
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[0 0 11] U*»Lft*«e>, V>££Tin vivo©%-g7 

&Z)-z> J ttllz®ifi#5mW&\sT^fc^. 
[0 0 12] 

l»«jW!Wel,J: 3 in vitro T©gfe 

sagos«j«^o?ijfflxtt. smsi*n?©#»£ass© 

&. #siMaT©«fiss*©PD i ©«*tttr»*£fcs 
u ^7? H©ae^ t*as*« c & c *-> r*-©jH£ 

[0 0 13] *&mt. thPDIMffl©thM7 
JU7S>7U7nE?!l£:3--F-t5DNA£kbPD I 

&m21*ZZ£\Z&Zim?LK r-PD I ©&&;££&# 

[ooi4] ast**. *&w\t. xmitimzz&m 

k h P D I &VmV%3&&?*:#$SMii^Z> C i IC«fcS 
'J ^7? K ©Kii2;i££*jl#-r * c t * e « £ f 

[0 0 15] 

5 ^yi/T'De^jS'n- h-t -s dn At k h ^nT-'f > 

[0 0 16] «TR**9IOBMB*RWr*. 

[0 0 17] k h^nf-f >yx;V7-f Mv^7-f 

(protein di sulphide isomerase ; TPDlj £Vti$fiT 
S) cDNA€a-H1-*i'n->tt. tMFBAgtli 

cDNA7-T77'J-Xtfk r-J&£Agtll cDNA7-f 
7 5 U— (Clontechtt) ^e.^C©«j:5 £LT#l»3tt 
S. 

[0 0 18] khffHRtfkhtefiAgtll cDNA5^ 
77U-£*KSlC7 7-v&fc£li\ JMtelL 7 7 
-yDNAS^'f^-ltHS'rs. th^DiJ 
> 4-#8fc»3fi (PD I t.m-9yn9K> cDNA 

[Pihlajanieni.T. & (1987) EMBO J. J, 643]© 243 
*g*6 282*g0raEH0tttt«l:ttJ6:r«4O mer 
©£t£* U ^V-D N A * 7D -7 tf 5 A-f 7 U y-f 

©7y-v?DNA£EcoRI tWbU »6nfc*ST150 bp© 



#^¥6-3 877 1 

-f >U— hDNASPDI cDNA*:5"J-.= >£fffi7n-7 
if*. n©7o-7£;8vvt, ^w^-ltBSSn 

[0 0 19] £©.fcStcLT#Sttfclg£©figtt£n- 
>£EcoRl iKHbbTEcoRI -f >*- r-DNA»rJfS:# 

f£l» Pihlajanieini^Jr«tSSjlSS^0tJtl!l!Lfc^ 
5fK4*©^a->-(pHPDI16) tJ6fi**©^D- 
>(pHPDIp4) tTkhPDI cDNA©^SS*A-b 

[0 0 2 0] H*D->©DNAttgE?!]£:fc3£UfcilS 
rn&©f D->*tE5ll#^ 1 K*£nS£fi2454 
%L&ttifi *>&* k r-PDI cDNAfcn- H UTViS C t*CR| 

Z/WSXt Asp 1 Leu 4 " 1 © 491fl©75yRtf»S 
*rtanTV»*i#A6*i. Asp 1 ICftffr*17ffl©7 

[0 0 2 1] aMEHtt. PD 1 • S£Stt*fc» 

[0022] saseafiTtt. *9Atfmi0ct^-r«j: 

HfftDNASEBattSJltfcirjTiaianfl*. 
fflU k hPD I **8fc3>/V-M>r> (/hJStti 

#*.snTv>s) idfts-r-s&fto'J-^-E^JtUT 

ttk hJtam7;i>7S>©7U7DE3ajlClffirrSi&3Stt 

[0 0 2 3] *flc«Kl4, MEi'D-> pEPDI16ZfeTJt p 
HPDIp4 DNA4» **EcoRI/PstL PstI/BamHn?i8fl:U 
*«J490bp R«iKll.3kbp©DNA»ffr$#. M»rM-£EcoR 
1/BamHI «fc7?;*5 F-***-pUC119fc»ltl> (pbPD 
IEB). Kunkelffi [Xunkel.T.A. (1985)Proc. Natl. Acad. S 
ci. USA 82, 488 ] t'<fc»3 cDNA±©PD I is&j'JV 

E^jtPD i t<omft®MzMm&mnti®wiUQ. 

S:«Ab(phPDINae), Nael/Hind III mi'iOPDI 
~y{f-)-)Vmm^^U^m.7kb ©PDI DNA mfr*& 
S. 

[0024] 

— pUC1194EcoRl «U CtllCXhoIiJ>*- : 
5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

SSigb. XhoI/BamHl^tt. HfttCk hjtatt 7^S 

> (6it thsaj tusft-rs) 7^yDE?ijsa^b 

(pUC 119 Sig) , Stul/Hind III ?Sfl;t3.2kb ©DNA 
9rfr£#* (HSA^pyDE?U©^ttB«56©^ig 
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[0 0 2 5] phPDINaefi3l5©1.7kb DNA WK-tpUC 119 
Sig £3lS©3.2kb DNA ITrJi-fcaigUphPDILyl), EcoRI 
mfc XleDow6KM-tCi^¥m, BamEI tBfcfclKfcfTo 
THS A7l/7nf»«T«fck h PD I *fc£fJSKL& 

[0026] *58woa«ae^©f^«*ai»^-€-©« 

£<• PD I £5£3l3*#Sf6*£=rt-5 1 &©B:£T£ 
Ra*t«^©8MH#tt*569i©»6H 
k h«*©te©»ttS*©ttj&ae?*>& 

[0 0 2 7] ^m\t^±. E?iJS^2lC*$n-5-2 
4#B~+4 9 l#B®75ySiB?iJ&3-H-r?.i!fiS 

EH*&&«ttatt9fi?«iifit-r«. £©#&, r© 

ft? 3 - F ©agSlcS-^< tt£SE?8©1i*#tt£T* 
*§59IliE?J## 2 K*sns£££Ea* SttSMOl 
[0 0 2 8] *«WI4S6K. *8W*l6££jT£ft£ 

[0029] was^ae^ «:ffi*3itife«>©^^ * 
[0030] 4c»n©sm^^^-««HK-r«fc»o^ 

**-£LTtt. ^A«*ffiSAlC±51$^¥ 2-1173 
84^SlCg|^©y7X5 H PJDB-ADH-HSA-A (f 10 
-C#.l) **ttfflS*l-S. ^©y^^SHltHSA cDNA£ 
S*. Sfc»*7JP3-JW5*kHD^-1f I (ADH 
I) ^Cl*-*-, ADH^-S*-^-, 7>Kfll 
>ffiftfi&?(Amp' ) , XtfLeuateTF-S^A/T^*. 
*©fc©, C©:/9;*5K*, XkoIffifcU IlenowtKM" 
fcJ:0¥»U BainHI iBfcbTHSA cDNAfc^ScfS. # 
5»nfc*58kb DNA »ffr©S' **KU >EfcL&«, It 

X5MpAHhPDILyl)£*§S;i£#T#3. fe^SA,. * 

[0 0 3 1] *58Wlia6fc, *58«H©58S^^iJ'--r 

[0 0 3 2] ft£fcLTtt, tt?S&£'©IgC& 
MB. fttf»*a»*tf&n. Wcr/n-ts^ysfl-UT 
f£&S!PD I *»*l/**»*3Wf*tV». SfSftft£ 
SiBStLTS, Saccharoayces ce 



(5) #H¥6-3 8 7 7 1 
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revisiae****»f 6 ft. ttMOMUBftftofliSICft 
fcoTtt»fc»«AH22*W»»afc«ffl«n*. #850 
©«H^T***». VftWlOMMn («*.«, 

£fflJS^©»Si^*-©fcAtt«ffl«>*fcT&16a 

& *»m&ft£££D8ftK:*)t2nit«. BM© 
JgglK&ttte. 52§i^*-*tpAffliPDILyl©}§-&, #6 
10 ntz®#& S D (-Leo) 7>- h±T?«gf5 51 ilCi-a 

[0 0 3 3] fcT. *»Wtt*&, ±»©±3fclxT 

*58W©*lHB«fcJ:fttt. *»W©ttft*ftliaTfc 
StWHb. 

[0 0 3 4] *»K»«ae?-*ft±l*3T«3BS 

*»*iow«a5Bi^i'^-*«i*r*a«i. ft£ 

K«ft#*#«UT«M.t hPD I S»»S*Sg:Pg 
[0 0 3 5] ft3Eil/TB«*fflV»*«^fctt % khP 

t hpd i **»e?^«tL.T»»*n*. t>bft*i 

6*1* :7n-fev>Jf£gttT^fcV>khPD 
[0 0 3 6] S6#«lcj;0MBfc*fMMft&t4Mi 

-fc»*t*£tfcj:Da»*.fchPD i *®w,\zm®.w 

7 &\Z®feO^<?>\zm%.tEtLZ>b<D-C\Zl3. 
V>**. 0Ja.tfTSK-ge] Phenyl-5PWBS#tt*5A 0KV— 
SO *«««Sni». £ ©*§-&&&*. fc hPD I BKC 1 
£**9K8ffK (PH 8.0) «P0.85M^6 0M6Sffi7> 
^E=>>A^©iSII«SS^E«CJ;DSta$n#S (^4 
0) . SDSm^*!lli^«f (S5B) *6fflftAkhP 
40 DIB. )K)55kDa ©$Hf*«*U 

o ^ W7— e A©H**©s«ftjBtii u-nea-r 

*CtKJ:D. #enfcffimAkhPDII4PDIffitt 

[0 0 3 7] **W£ttfc±oTSffeSns»i!k*.fc h 
PDI IJ. ^«S©k h P D I £it&LTN5fc«&7$ / 

K*t AspA^eGiy tzesc^^n&fcro-cs-ofc. ftoT, 

491j@©75 ^ K^6J£«E3W^3 KSSft 
•5 Gly 1 Leu 4 ' 1 ©75 y«EM*» 6****1 

t k p d i % z . 

50 [0 0 3 8] *&W\-iZ e> \Z. pJtEfc, t HP D 
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*DNA£*&jfc«WMtfiiPi:. £M*B«tT-2># 

[0 0 3 9] ^H<£&#«p©K»£3ie?fcK**«fc 
jHM**w-©xtwfc*^* # 

[0 0 4 0] tt#*3te*teJ:r>T3-F«ft**»M 

r/?m. ««xasn^PDiojiuiffEA anstfu 

HH^S"&tit>©T*n«»fii?i«>asi©#u 
sn&PDi sttogubpseraa. * u f © 

£Kt>»fflSn*. *£91©§fcKttKlCJ:D. *f6wt* 
S&Rn*«g?tLTkhJfiHll7;l/^5> (HSA) 

£3- F-rsse? 

tt. S«»tf*«*:^FMtffc2aR*£tJC££* 

[0 0 4 2] *Jt**tUTtt. «*■&£© 

nsffls. »*, »«»jsnt£©Ksaa«J*»f en 

[0043] *^wtt$ett, ±e»ME*ttft > v. t 
fpd iae^tffi©#u^7 r ^H^3-H-r^^*5i 

[00443 *%®<Dmms&miz&r). tj-PDisssi 

tlfciWTHSAJitfPD I *ff»<D«*+*P*»a 

s-a-fca^ctt. JHtc!«s«&«6&Jt"CT. hs 

A©#&fitt¥*reiKl6 0%iiJnL.fc 0R8B) . 
[0 0 4 53 a»fc»*Sn*'3t>DH:ttV»*t. 
fc i * H S A»»«©JtlDlC W UTIiKTO J: 5 fca» *. 

ens. 

[0 0 4 63 HSAIt 1 7«©5?^;l/7-< 
■3geHT*D, AO. in vHroT©SttaeR*>5 
©H««*»lc*v>Tfl:^fii&Mfi©PD i flMHEfc* 



6) #M¥6-38771 

JO 

[0 0 4 73 BfHI S2 3tt»CioT, HSAttpJSf 

awtftasftrn*. sDsmft»nttfi:j:D. mm 

|*I©HSA%»«f-r5i, WaffiWETC»^±T* 
-A> H 1 1 TiE«ftH S A^HPt W-©*»*wf© 
CJ*U S7C»J*#fiTTtt, *D»T*©**V»*ji 
ttSB/X>F»fcLT*ffl*n, W&*fcJE*fcHSAi 
Z.tHZ><Dte%\t, 
JO 5HSA»flt ftTA?**?* FII*#>*a&£Jf 

j*snTv»*&©4U«iitftan*. pdi* 

*»5IS*&liBTfi, 1UBft©HSA©a7cSI*#& 
TTOSDS IftDEiTtt, H S A#Tpe*3fc© P D I 
c DNA£#f£|i3«TV>fc^»SB#&#fc«jfcrtH 

SAtt»ttt*bT±D*t*o&A>HtUT«fflS 
nSJIifrS, PD I ttHSA4H=-rt©IE«ftS?XJV7 
-f FB£©»«fe«i»U «tD«l^tttCHSA^©i65 
**B6»J*SH«lLTW* t«ftSn*. C<DZ.t\Z& 
5T, 3F*Jga«ifift»^HSA©»Brt-C© 

fc»»«*t«inUTv»2>ist>n*. 

[0 0 4 83 *&. PD 1 £#5£§iS-g-fc$£i:31i-fc 
V»«-&T©H I S 2 3tt«ffliSrt©HS A©mRNA#ft 
fiSNorthern^Dy FffifciDJttWSt, PD1»G 
f£%SSt&S^I;H S A©mRN AgamtaLTI^ 

*pji6it^Ta<. HSAae^-oe^v^ncb* 
#^©BHWfiia*^-r*«BBrtiiafc«< t fmst 

50 ;k/s >©'J-^-BeW©M-&fc±t>Tt FPD I 

m\zw&mft 6»»sn&itiHs A©»»*«t«im 

lC*V»THSAt*#U lt£HSACftUHlxfc;:&# 
H S A©*£W-***J:#Sttfc£ffla'C*S fcsSAfc. 
»55*iJ:0#ttT»*J:3fc*A*. Set, HIS2 
3*<fcD#»£n;fcHSAiPD I ©g£*Si, PD 
lttHSAO»«5MB«nx*D, S&ftHRftC&til 

snst fpd i i^<;pt>ie5v^tA^e, sstHSA© 
40 tsnspDig*t+»fcKs«B/hB#rt-cfca«a 

nxv»*t)fflt«l5£Sn-5. :©:t%S&, PDI4S 
HSA icE&ftMS UTV»* E t «d* t/tV>5«fc 3 fc* 

[0 0 4 93 E©«k3lC, HSA©$TPDI©&$SS 
fc*t>T*©»tfc*©*ll8»*a*1l&n, *©S**««P 
D I *W*HSA©»&^»jftl:«VvO>«13tttttf 
»V»tt«»6, ±0— BWK» F«^©?gJS 

^JSIC^VsTfefl-ifflBartTPD I SBSglCiiiiSSiS 
50 ««^&tcJ:Dn«|©^«A©lMiaMl«()im*c*«& 



■696- 



(7) 

11 

[0 0 5 0] KTOSdWtiO* t£*>\Z*%*JiZ%ffl 

[0 0 5 1] 
[*JS#J] 

b hPD I (protein disulphide isomerase)cDNA£)^n 
-Mb 

kUffBAgtllcDNA^^U- (Clontechtt) »100, 
000 0.2%(DTJVh-X£^tJLBigifi (1% J0 

A£ bhV?h>* 13 NaClfccfctf 
Xh^H 7?37 € C-lft«*Ufc*llBY1090»«*?K 
500x^1 ifi'&U IN MgCl 2 5 Ml ^Jn^.3rc 

TioaWMM"* - 1 1 J: D 7 7 -5>fcfcBBfc:«Sk« 
*&. 2int50ilfl!)LB±B*35*» (LB** 10m 
M MgCli*±tf 0.7%7#D-X) fclDAB*&a, 23cm 

fc„ H8ftft7r-yft7-f^- (Hybond-N, Amersh 
amtt) fc*U 7JV*U»« (0.5N NaOH *J;t;0.15M 20 
NaCl) KSL&3MM ffl& (Whatman ft) ±fc, Vy—V 
©f#BB*±C«l»*Tl»ll«#, a^T+WWK [1M 
Tris-HCl (pH7.5)*3cktfl.5M NaCl ] fcBUfcHJMfcl: 
fclSHSB^fc. 2*>\Z7j)l9-& 2XSSC (20 
XSSC =3M NaCl 0. 3M ^7 X HJ ^iO 

-SJDNA&^-Y^-fcHftLfc. JlotTienfc 
7-f;V^-^^T«TO^JRfct£oTkhPDI cDNA© 
X^y-x>£f£fT^fc. 

[0 0 5 2] ?U<-7\ZXZ, th^DU>4-*»fls» 50 
* (PDItra-^>;WJl) cDNA [Pihlajaniemi, T. 

et al. (1987) EMB0 J., _6. 643 ] <D 243SI^6 2 
82#loifi*E?a<D*H«fc»*:-r«40incr ©*yrf^ 
-DNA (5 7 -TGGCGTCCACCTTGGCCAACCTGATCTCGGAACCT 
TCTGC-3' ) SftDNA'&J&B (Applied Biosyste 
mstt^xJV380B) fcJ:Ofc*l/fc*©*JI!V>fc. 

[0 0 5 3] ^SDNA (20pmoles) £ 50mM Tris-HCl 

(pH7. 5) ; lOmM MgCh . 5mMv^XWh-;k 10 
0 uCi [r~ 32 P] ATP 3000Ci/mmol, Amersham 

SStt) 6*tr«B50|£l +T37t:6Q»IB!fiJ6Stf*;i 

^ic<tD^o 5' *&y>Bfl*«L&. ±E©7^;u 

KS«(100Xx>A;UhjgfR= 2 X!>5/Jhfll7J^S 

» , B! NaCl > 50mM Tris-ECKpH 7.5), lOmM EDTA 
(PH8.0) , 0.1%V?^J\rfA>Zli'>mi*bVV2x*l: 
^OMg/mlOiH^itfflafcU&lJ-irttTDNA] K37 
tl»IBBU&*t, WfV9<M-\ >3>®WL (7 
WW^y^if—>3>jSJStCjK)10 8 cpm/Dil(D±|BS 50 



®§B¥6-3 8 7 7 1 

BDNAS^tTBB) +fc37t;i5ttBBLfc. £©7>/ 
2XSSC IWftJBWTBBTftBU 2£>tC2 
XSSC> 0.1 XH-3r5/;Hf;m5/>B5-hy9A»* 
TM2t30£PB» U&&XS7 -< *A «AR-5> Kodak 
*t) fc-80 , Cr-^S^$^:fc e 7-fjW>0«*fl!>*8 

i*^^y-=>y-c8ooBtt5/y^*ftfc. 

^l/-h*6WHDfrtLT9!J*D lml<DSMJgS}« 
[lOOmM NaCl, lOmM MgCh , 50mM Tris-HCl (pH7.5) 

± 3 L T# 6 *lfc 8 «D 1 * 'J > ?Btt 7 7 

-5>fcov>T, -tn*ni*^^y-=>ytH»o* 

frT 2 * y - - >9Zft-? &1S* 1 o©*38«Btt^ 
D-><hLTS^L £©£D->lCOV>T$£lC3& 
Xir y-=>ySfTV^fc»-OBtt^D->tUT 

[0 0 5 4] #"&n&B§ft* n->CD7 7- vDNA £Le 
der Sco^ffi [Leder.P., Tiemeir,D. & Enquist L (1 
977) Science J96, 175 ] fciOBBLfc. US*!*: 
7 7-^DNAO l/5fi£}giK [lOOmM Tris-HCl (pH7. 
5) % lOOmM NaCK 6mM MgCli , 6mM ;*;W?:/bX* 
0.156if7^>, 20MS/miy*5C^V7-i? 
A43<fctf20m&© EcoRI (Xy#>v->&) ] 50m 1 
♦T37t; 1 IHMMbB, 0.8%7#n-*y;i,T«^» 
»£frr>fc*SS* C0Btt*n->jWftlfiO bp£H >tf 
-hDNAm^iW^L 997*9X09— (Ge 
ne Clean", Bio-101 *t) £/SV>T-f >U— bDNA£ 
#B-»Bl/fc. HJiRUfcDNA»f>i-*?l20nga: EcoRIT 
iBftl/fcpUC19 ^^^-*5100 ngt*DNA7<y— $s 
3>*yh (Sfiafitt) A«20m1 > BIS4m1 
K^T16\:i5l»inElSS«ftC2:lCJ:DflDNA««l 

ViTMandelffi [Mandel,M. & Higa, A. (1970) J.Mol.Bio 
1. 53, 154 ] fc±D*BBTGl**»mEBLfc. 

» 6 nfc»*«ft#625 m g/n 7 > k > y 

BS^ 100nlT37'C--fti&BU 7^*y»B3S [Birn 
boim,H.C.& Doly J. (1979) Nucleic Acids Res._7, 15 
13] ICiDT^XSKDNAfcfcgLfc. :^7X^ 
HDNA10MgS**[100mM Tris-HCl (pH7. 5), lOOmM 
NaCK 6mM MgCh, 6mM *)V%7Y3L9 J— M 0.1% 

tr^^>^<fci; loomed ecori ty#>j;-> 

tt) ] 200 Ml +T37TC 1 ftlBSfta, 7x/-JV« 
x*/-AtfCB*ffV>B«U 0.8%7^Jn-xy 
JPm^ac»lfft?rco *?I150bp ©-f >it- FDNA^7 
X/W^-TB«L, KTfcBtTDI cDNAOX^y-X 

[0 0 5 5] thPDl cDNA©^S€^tT57D->$#^ 
fcae)fC, &ftTt:MFKAgtllcDNA7-f 75 »J— (Clon 
techtt) Jj^50. OOOi? D->^ckU:t hfeffiAgtllcDNA^ 
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07r-yDNASH)tl/fc7-f;^-Sff«U&. ± 
IB150bp fchPDI cDNAgrH-fcjlOO ng£ [a- 32 P] dCTP 
. O400Ci/nmol, Amersham tt) *3cfctfXy>7 H5>Al/ 

/W^U^-K-5/a>»«K:6(rci«H«l/&«, A 

>Jg#K»10 j ein/klO±emDNA«tbiMK) t i0 
fc6mC15*|(»L&. C07^JV^-S 2XSSC 
ffiV>T*fiTft#U SSiC 0.5XSSC , O.l^Hfv 

XSS7>f;PA (XAR-5, Kodaktt) K-80t;T-H!MWfcS 
7^^A031«©<6*. ffFSS cDNAM^U 
-±9 6ft S6S cDNA5^^7U-iD5iOBtt 

=:>^fc*»«tifcJ:0«IIWfcBHi cDNA7-f ^ 
7'J-<J;D4a cDNA^-f^5U-±0 3fl© 

C0RH>*-hDNA»frftttaiH*O*tSK:ieoT 
75X^K^*-pUC19 OEcoRI eEfi»C^^D-> 

«H*fl*«Lfc. JFK cDNACD4^33£tf 

ttfi cDNAO2^3WS^fc*-A-7yyLT*0, 

-?-CD5-&OffFKfi3feO^D->lt)(pHPDI16) t 
JfeSfi*CO^D->l^(pHPDIp4) £0 2OTlWi:t5 
fchPDI cDNAO±fift*A-LTV>S^t^ dtl^CD 
^n->fcPihlajanieiDi6O^D->0#JIBB*»H0 
It<ft*6*JiSn&. M^n— XroViT M13 SEQUENC 
1NG KIT Ok#tttttt) , M13 Sequencing Kit i^Mfe 
tt) £ektfg»DNAv-^X>*-- (370A, Applied 
Biosystemsft) JCJ:DDNAttSE50*ft5febfc. Pifal 
ajaniemi&Ox— ^iOittSEtCiOM^n— >lt^A24 
54*BS2tt>SjS*hhPDI cMM*3— Hr&CiOTHS 
frfcfcofc (BE3*J#*tl) . 

[0 0 5 6] bhPDI O^^y^^^ HOgg 
±fE£>thPDI cDNA$:3-HT^2t?Q^D->pHPDIl 
6 S$<fctfpHPDIp4 ^'btlrLTthPDlCDP^iC^tt 
S58Sffly5X5Hfe&To#«T«»Lfc (SIB 4? 
A, B£<ktfC) . 

[0 0 5 7] 7;P*U*Wtt»C«tDW«l/fcpHPDI16 DN 
A » 1 Mg£&& [VMM Tris-HCl(pH7.5), lOOmM NaC 
I, 6mM MgCh , 6mM ;* )l>% 7 hX? J —)), % 0.1%-tf 
5^>, lOm^O EcoRI <=y#>5>->tt) *£tflO 
^ffiOPstl (Htt) ] 20ul *T37TC 1 »BH!ft«, 0. 
8X7«n-X^Tr««*»*fTV^ PDI cDNACD5*gffi3 
EcoRI* SPs t Igg#<Z>#j490bp CDD N A#rtf-£^ 

5Ayt**-K:J:0*MI • pHPDIp4 DNA 

ttl ug£i§S£ [lOmM Tris-HCI(pH7.5), lOOmMNaCl, 6 50 



4MW6--3 8 7 7 1 
bM MgCh ,6mM^;i/*^hX^y-;k 0.1**5? 

BamHI (Hft) ] 20 m 1 l^HHBftftB*Kl/ 
TPDI cDNAtf) 3' MHNPstI*>& BainHI«#0Dftl.3kb © 
*SODNA»rM-fc»MI-|»»U&. JSOiSfcLTB 
iRLfc^DNASrM-^n^n^JSOng^iy: EcoRl£<fctf 
BamHI TifrfcU ISttfcL&^XS F^£*-pUC119 

DNA»20DgSSfi®tt©DNA^-fy— >s b A 
*25/zl &<fctfBS£5u! +T16 < C15^K5iS$^^ 21 

^i^SlCi: D^SmM V1190»3 >bfr > 

fc&Lfco *L®mt, «g90miDCr)X-Gal (50a 

g/ail 5-ynqE-4 f>HU*-fl- 

-D-^7^hkf7yyK 25Mg/ml7>K^U 
>, LB*Jfcfe,ktf 1.5**30 fc*l>fco 37TT-& 

#6nfce63D=-ftjevi, 7^* yam* 

bfco #&nfc:/5X5F£ phPDIEBi*f*B-fc. 
[0 0 5 8] phPDIEB£fc£fcLT* Kunkelfe [Kuniel, 
T.A. (1985) Proc.NatI.Acad.Sci.USA.82, 488 ] lC<k 
0> cDNAlOPD I isif-j-frSffltPD I 
©«^g?^lC©IK»*NaeI«JifSSfi^«AU^:o phPDIE 
B DNA *ffi^T*;V->!>Attfc±r)*B»BW313 

150ug/mlO7>lf">U>^ty2XYT 
S^fe (1. bhV7b>. 0. 5% NaCl fcJctf 1% 

ofco r©*aHKlml* 150/4 g/ml©7>b!$/U>* 
2 X YT^50ninr^aU37 , CT$ 6fc*Jtbfc, 
fflS (OD600 ) *t 0.3eStCgL^:^C:^T M13K07 7 
T-v^m.o.i.=2 SS-rlP*37TC30»IIB»«L«!fta 
lifco mid 70m g/ml^SfC^^cfc^lC^^V-f v 
>^JinA37 < C20^raSS^^fi : o^. «ft««S^ 
•fc*fct»6nfc±»fcl/5 §0 2.5M NaCK 20X#U 

TEigSJjg [lOmM Tris-HCl , lnM EDTA (pH8.0)] \Z® 

i/10«©3MIMI^hU&A45J:tf 2. 5^cox^y-;v 

SJnA«J»-80tT30»W»llLa-t»ltfcJ:DDN 
AtttlRiLTEIJRUfc. Ctl«r70XX^y-J^ft# 
LMEtt«ft lOOxil ©TEig®?SIZ^#UfCo £UbO 
*jtTBI»L&dU*'&trphPDIEB S*©-*®DNA 
^fflV^TOT©¥MSTBM^r^^SfiP^NaeI|lKffiCD^ 
Atffofc. JEJWXW-fraWU^jrK^HCB' -C 
GGGGGCGCCGGCGCGC-3 ' , SSiitt) ] 10pmol£j§i£ [10 
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OmM Tris-HCl(pH8.0) , lOmM MgClz . 7nJte??:frXl' 
-fh-jls ImM ATP *±«10#tt©T4#UJCifl/* 
yF**—- tf SiBatt) ] iom l *T37t:i5#Ffl££ 

«70lClQ»IBHinJftl/TT 4 * U * £ F*^— K* 
*SS*fc. ±IBphPDIEB &*<D-#8IDNA 0.2pmol 
1 Ml U>yWHfr (Site-directed mu 

tagenesissystem Mutan TII -E, SMigft) tcS®*^Jn 
;Lg&£M£lOMl £U ^©5*><B1m1 £±EU> 

-p L, 65tl5#, 37 c C15##g&. 25m 1 i0 

<±E Mutan T "-K, Bit) 60*ffiO*HBDNAUSf- 
If (Mutan'«-K. Htt) fc£tfl mft(E>T4 DNA#U^ 
5— eOlntan"-!. Hit) £JD*25t: 2Rr!BEJSSli-* 
££fc<kD«ffi8^jfc£fro&. £©8&fc3Ml o 
0.2M EDTA(pH8.0) £JH;L, 65*CT 5 »P B 1Mt^) 21 1 
fc±D«*i«[^j«*#jhS*fc. #6nfcDNAg«3 
Ml £30m1 ^^»llBMH71-18niutSn>tr-r>F-fe;i't 
»£U **303\ 42t:45#3Sfc**l#fW»gL 
fc. JLttlC 300m1 OSOCSifS (2%/\*£hHJ:/F 
X 0.5^-^bX^h7^K lOmM NaCK 2.5 20 
m ECU lOmM MgSO* , lOmM MgCh&«fctf20mMiOUri 

-x) *jn«7t:i»mfflaiufc. sstio/ii omi3k 

077 7-^£2ra^37t:T30#f^{I^ 150m g/ffilO 
7 > If "J > & £ mo m g /m 1 CD * ^ T < » $ 2 
XYT^ftlnlSJn^ 37t20l*WWiUfc. #$nfc 
U ±?S20m1 SHJRU *IIMV 



15 



1190««SS80m1 i»^U- 37X:iO»WJDfia, 150m 
g/ml 07>fc? S'U >**ttL B ^ V- Mt**3rCT 

NacI«tt3(X^X5 FSfia*i-*t)©S:M13 SEQUENCI 30 
NG KIT (Xtftttttt) ««Vi&DNAtttEM»«HC± 
DHJELfc. 210^5XSF&phPDINaei:«#^&. 
[0 0 5 9] 7**yS«ftT«»L&phPDINae DNA 2* 

1.5'- TCGAGAATTCATGAAGTGGGTTACCTTCATCTCTTTGTTGTT-3' , 

2. 5' - AACAAGAACAACAAAGAGATGAAGGTAACCCACTTCATGAATTC-3 ' 

3. 5' - CTTGTTCTCTTCTGCTTACTCTAGAGGTGTTTTCAGAAGGCCTG-3 , 

4. 5' - GATCCAGGCCTTCTGAAAACACCTCTAGAGTAAGCAGAAGAG-3 ' 



*mb**« [lOmM Tris-HCl (pH8.0), 20ddM NaCl. 7mM 
MgCh , 7#tt0NaeI (X*#>5>— >|fc) feitflO*. 
&<EHiDd III (SflSttt) ] 30m1 +T37T;4l*|«HBfc 
«0.8X7ifD-xy;U«ft*ft*ffVattl.7kb OfiSO 
DNAKfrSy5^9^-fcJ:D»li-«»bfc. t 

ftOXV^s F>ic±5 3-F*r*DNAKM-S*n-> 
ffcLfc:/9X5FpUC119S!g tD«££«T<&^«T?TO 
fc (mi HA) • 

[0 0 6 0] :/^X5 F^£:?-pUC119 DNA 1m g£i§ 
S£[100mM Tris • HC1 (pH7.5), lOmM MgCh ,50mMNaCl 
fcitflWtt© EcoRI fc^#>5^->tt) ] 20m 1 * 
T37t: l WMMSbfefe 70T;5#iroiD»LT»*Sjte 
*fc««*38/il*J:i;/tjr?U77**U 
tt*X7 7*-1fimft (£S£tt) £2ra*T37 € ClI$ 

X^y-JMt»fc»^DNA*HttLfc. eiCODNA 

5' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

©EW*6jS*XhoI»tt**toXhoI'J 

[66mM Tris -ECl(pH 7.5) , 6.6niM MgCh , lOmM 
i&t-XM 1 — /k O.lmM ATP *Jctf 300m&OT4 
DNAUiJ-* (SfiiStt) ] 30 Ml *"C16 I C-«MM 
LTz. C 08*10 Ml *ffl^T*BMJM107 «c3>tr 

^>Hr;p**;p^9Aacavi»Kenu 50Mg/ 

ml O 7 > K v U > L B ^ V- h fc £ £37*C-I&& 

«ViT^5X5FDNA*H«U «IS»Sl»«fSfT3 
£ fcfc«k 0 B W t-r*XhDl U >*-*«plIC119 EcoRIffiffi 
teJfXStlfc^^S FDNAta«W»Ufc. 

[0 0 6 1] «TOiSX**04«iO*Urf5t*l/* 
^F : 



(Applied Biosystemstt. ^^1/38 
OB) £fflV>T'&JE£Lfc. ^n&&^*530 pmol ffiR 
[50mM Tris -HCl(pH7.6), lOmM MgCh % 5dM^?* 40 
F-;k 0.2mM ATP &tf6 3£ft©T4 #U^^V 
*?F*!?-HJ (SSig1±) ] 25 m 1 ^T37t:i^WE 

>j^^i/*?Fft*toWK*«« (ft ioom i ) ioo 
•c fc 5 ^rastg t fcaa»Ttt» b 7x- y y 9 

^rfro^o ^tlfc 600mfiOT4 DNAUjJ-1? (Sfi 

sit) $ip^i6 , CT-?ftffiSL, yyif*>vm<»m& 

\z&r>W3L\s*L* 50 



[0 0 6 2] ±Sfi©aoiy>*-ft*Ab*:^^-^ 
7X5 F 1 m g [lOOmM Tris • HC1 (pH7. 5), 10m 

M MgCh , lOOmM NaCl, lO^ffiO BamHI (~y#yV— 
>*t) fe«ki;i2*ttOXhoI (SSSttfc) 1 20m1 +T37 

*H*6x^y-;i/itlBfcckDDNA4liiJRLfc. ceo 
DNAt±»CD4o©t'J^Jl/*?H©fflil:J:D 
*6n&r*«DNA75^^>WP : EM»JS [66mM 
Tris-HCl (pE7. 5 ) % 6.6mM MgCh , llWimXK 
F-;k O.lmM ATP ^cttf 300^ffiOT4 DNAUjJ- 

if (safitt) ] 30mi twe-efteaufc. ccog 

*10m1 *ffl^T*B«JM107 »n>tfx>h-t;U^ 



-699- 



(10) 

17 

U>££trLB7V-P±K3:#37t:-l!fc&fiL>t. # 

DN AOffiSE^flt&ff 5 tick*) BM£-f£iifl& 

5 P£ pDCU9Sigfc«#Wt. 
[0 0 6 3] ±fE©?JiTf£KLfc7*7*S P PUC119S 
ig DNA«7M>USSB&TI8SLfc. ^ODNA2«g 
[lOmM Tris-HCI(pH8.0), lOOmM NaCK 7mM MgCl 

2 , 8*fi:©stui (xy#>v->&) 45ir;io^fi:© 

Hind 111 (SfiiKfc) ] fT37 , C 4 BIHHS-ftSe 0.8%7 JO 
^D-xy;vmM*SillC*nt, $?j3.2kb OISODNA 
K*£?7X/^y-T#8i-*it8}Lfc. H©J:5»CU 
T^e>tlfcphPDINaeS*CD1.7kb DNA gfJt*550ngtpUCl 
19 SigS*©3.2kb DNA mKlftWngZZ.Mmtv-i f- 
v-3>*y PA&30yl Bm6n\ tfT16'C30^S>£; 

10m 1 £fflV : >T#;V->'}ASK.fcD*JS®#HB101 
3>tfx>P-fe» (£«£&) £JgJHE»L, 50wl / 
ml©7>tT->U>*'&tlLB^ , ^-PtC*^fc. £©7" 

w— p zwc-mmwrz z. t ic<t n 

KO^T, 7;k&Ui8®&£ffl^T7 , 7*3 PDNA£ a? 
MU fMSSI^fflV^c»«f*fTP-tlCJ:D, tP 
&L®7)\>7=. >©^V^DSe?UTiStC t P P D I 
&&Lfcje© (SS20) ia&*.7 r 7X5P£jI«Ll&# 
Lfc. £©7"7XSP£phPDILyl£:&ttW-fc„ 
[0 0 6 4] «±©±3tCLT^en?5:'J-^-E^ 

£Hp d i S:»e7JV3-j^t pny^-- if i iter 

©7 r D ; E-^-3tBHTT^$«*^<. KT©¥-J11C 
«kDt:PPDIS£S77XSP£*?gL;fe. 7)1>*V® 
Wmz£r)WmVtz±m phPDILyl DNA 7m1 

[lOOmM Iris -HC1 (pH8.0) » lOOmM NaCl, 7mH MgCh 30 
*<fctM0mfi© EcoRI (=y#>5?->*D ] 100m 1 
>?T37T2ISIBHHm ^©^xZ-JV/i'nn^ 
(®»7x7-;i't7no;fc;],££^g-&Lfc 
Sitt) *10A«#U a<L\*r»®*B£EiRLfc. d© 

in/io&©3M#&:?-py>?MpH5.3) £<tr/ 2.5^© 

tC* »3#e.n?5:8t®S:70%x^y-;i,Ti5fe^MJE^ 
L50m1 ©Kienowggffifc (Kilo-Sequence ^Deletion K 
it, Sffij&t±) (CjgflSU 4mffi©Klenow fragment & 40 

mm (SSigtt) SttA37Ta5»Mfi*s-&*;:fcfcj; 

DEcoRI fl8r85#ffl¥»fc€:fTo;&. HCjSSElC^T 

2E©7xy-;u/^DD^;vAttai5fT^^. #e»n 

fc*llCl/10S©3M»e^PUt>A (PH5.3) fcitf 

2. 5^©x^y-;^jDAS-&u -40"C i ftwmmh 
ft. 3^iz*0#e.nfca®^70%x^y-;vt?tt^ 

«EES£»U 50m 1 ©Klenowgaffjg (Kilo-Sequence M 
Deletion Kit, SffiiStt) \Z&mh, 4^(4© Klenow f 
ragment (Sfiiltt) Z1XliL37X;45ftmB.)&t<1tZ>Z\t 

let o icotmwimwmfczn-oft. z.<D®m\z-D so 
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i>T2@©:7x/-;i'/#nD3ia^»ai£fT&v>, % 

e.nfc*llC:i/10$©3MSK^-pU^A (pH5.3) * 
2.5^©X^/-;W<£jDx?i^U -40C1WIW 
MUfc. SiklC±D^Sftfctt®£70%X*/-;i/T«fc 
£&«BE£»U J§fl£[10mM Tris • HC1 (pH8.0), 60mM 
NaCl. 7mM MgCh 43±mo#(fir©BaniBI(Xy^>v-> 

a) ] 40 ui fc**»L3rc3fifiBE«s*&. ^enfc 
DNAgjgs o.8%7^n-xy;i/mm»iiii^^ #d 

1.8kb ©DNA»ffrSr^7X/^^-T»BI-»iSL 
fc. 7;V#'J*§m£Tf§§SLfcpIDB-ADH-HSA-A 
(#§il¥2-117384*t&?S) DNA5m1 [lOmM Tris 

HCKpH 8.0), lOOmM NaCl,7mM MgCh *<ti;24m&©Xh 
ol (SiKitt) ] 100m 1 fCSFC MM 7x 

;-)i/9an-fc)\,j*miiiz 2iafTU#snfc*eir. 

l/10i£©3M^BS:*- P »J O A (PH5. 3) *3«kr; 2. 5£©X 
9 J-fr^Uikm-Sl^ -40"C 2^HB^S-WC<kD 
JtSStLTDNA SrHIJRLfc. d©DNA tt»S:70%X^y 
-*T*JMM«BE*»U. 50m1 ©Klenow®«»c (Kilo 
-Sequence Deletion Kit. Silittt) KiSSIU 4J&& 
© Klenow fragment (£ilj§*fc) SlD^.37 , C455rKRJ£: 
Stf* £ t fc«k OXhoI«»fSB^©sFf&fl:SrTr)fc. CI© 
®mz-D V>T 2 BC57 x J -)),/>? D DsJv^AaffiSfT 
#e.nfc*^^V105&©3M»K±P'J , ?A (pH 
5.3) feit; 2.5§©X^y-JU*ftlAil-&U -40-C 

%f>ntzMk ^70% x*/-^T8fcil>&Mffie;*8U ^ 
% [lOmM Tris -HCKpH8.0). 60mM NaCl,7mM MgCh * 
<tmomft©BaiifflI(Xy#>v->*t) ] 40y 1 \Z&fr 
L, ZTCl^mm^CVtz. C©®SSIC10m1 © a Tris 

• hci (pH8. o) . hom i ©ja@**5 m&mxmm 

C75 ttS3t57;i/*U tf (Sffigtt) ?£JD 
Aii^L, GOX: lP#KMTSCilCJ:DB!3iS«»fBS© 

5' B&'j>Kfca£;£fTofc„ #e.nfcSJ«ici/io§© 

3MKK±P'J'7A(pH5.3) ^.fcr; 2.5§©X^/-;i-S: 
HDAJB^U -40"C miBJ»«tfc. a^tciOttSi 
LTDNA SrumRLMJESSI^OMl ©TEfcgiKU 0.8% 
73tfD-xy;i^l*»l^»tfc. ir58kb ©DNA {RM-S 
^^A^^y-Srffl^TlHliRLfc. K±©i5lCLT^ 
<b,ftfcphPDlLyl£3l5©1.8kb DNA KM-*«l50ng*3«ty:pJDB 
-ADH-HSA-A6S5 ©8kbDNA©r)T"W50ng itSffiiSttDNA 9-f 
y— >3>^<7pAiS30Ml , BM6m1 tig^U 16 
■C 2.5^FflKiS$-aMDNA Zmft-Ztt. ^^tlfeDNA 
&8S10m 1 £fflV^T*;V->>7AffitC«fc D7<)SBC600tt& 
fgHlfeftU 50m I /Ml©7>fcT>''J>Sr'&trLB7 r V 
-PlC*#37'CT-lftS^Lfc. #e.nfc3DX-JCO 
^T7;^USB)tlC«t 07*5^2 PDNA £iJIKU $3 
®»^flTSfr&5 C J: 0 S«tT-57;l'3-Jl/t 

pay^— tf i -7a*-?-i:mizV"y-$im&&M 

PDI SSiBLfcy^XS PS«^-f-&}BM!|Ea#S:3l^ 
Lft. ^©iptCUTfll^LfcPDI ^7*77x5 PSpA 
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HhPDILyl£«ttttfc. £©»»©*§*, OJHfflPD 

I ©N5^g75yKt^Asp *£>Gly IC&&£nfc„ 
[0 0 6 5] kr-PDl fgS?5SBfcffl©ri>hn-;i, 

HSUfcpJDB-ADH-HSA-A DNA 5yl £8fi£ [lOmM Tris- 
HCI.lOOmM NaCl, 7mM MgCh . 24J£ft©XhoI (SiBii 
ID %&V2m&<Z> BaiHI (x<;/#>v->it) ] 100 

2@fr^en;fc*HI;:i/10&©3MBf&^HJ* 
A(pH5.3) fcitf 2.5^0X^y-Jl/SiQA^-&L, - 10 
40"C2^^«mii'i:>IC±DDNA StCJSt UTEURU 
fc. CODNA ^7036X^/-;l'T?!fe^. SEJESjSL. 
50yl ©Klenowtgffijflc (Kilo-Sequence Deletion Kit, 
SiSiatt) tCi§8?U 4J£&© Klenow fragment (Sffi 
j£!D £l)DAT37t45#P£KjS;* its Cite* OXhoIfe 
.ktfBamHI WVi&#o>¥mitZfi?1z. £©}§SSfcoV> 
T 2Elffl7xy-;U/^aD^A}ftffiSrfTH^etXfc 
*@tVlO§©3M»K^-h'J'>A(pH 5.3)*5,ktf 2.5$ 

©x*/-;i-£inix.jg£U HCcmTOiSBS-ti: 

.fcOJtStbTDNA SEJRbfc. cnSMJES:Sm20w 20 
I ©TEKiSffiU 0.89K7^fD-^mSl»I!|{CA»»t, «5 

8kb ©dna m^if^x/^^-^m^Lv^t. nznrz. 

DNA IWft-*?l50ng££igjt*fcDNA 7^--> 3 >*";hO 
ASBE30xil , 6u 1 i£-&U 16"C— ^MJS^i*:, 
SB»jSt<kD^ftLfe. £©DNA *g#E10wl 

9 Affile* D}BStte&U 50ul /ml©7>kS/>J>£ 

^tfLByv-hic*i?37'c-!ft^ufc. #e.n&nn 

x-to^T7Jl'*USSSlCJ:Dy77 > 5HDNA £P? 
StU fflffi»3Si8#r£fTVV Bff3t-r^=i>hu-)Um 30 
^5^5HSimfLt. #e>tlfc77XS KfcpAH 

tO 0 6 6) k hPDI ©S?gl::«fc3gggj 
±i2©¥JET«^Lfck hPDI ^S^7^5 KpAEhPDIL 
yl^fflVJTJJlTl^-r^jiTt r-PDl ©B#l::«fc55S51 

[0 0 6 7] YPD^V-h GSA* h^7>>, UK 
-^hX+^r-^K 2JSyr">»*±^ 1.596&30 
±TSgtfcS«AH22«©m3DX-* 5mI©YPDig 
& GX/^h^hX lW-T.hX+T.h^i'hfe.J; 40 
i;2%^H^«l) CttaU301C24ttn&a8*Lft:. C 
©filr«SJK 0.9ml?£45ml©YPDlSftlc«aL30'CTJg 
»**U OD.oo (SS) d«*?J 0.5(CgL^ii:5T 

£ 3ml© 0.2MLiSCNtCl«S9U. -£-©?-£© lml SftblC 
a>ttit®£UT&#£leJiKL;t. C©®fttC46wl ©50 
% PEG#4000. lOjil ©LiSCN 43*5^7^* UiSIffiT 
mmh fcpAHhPD lLyl DNA}gS£L0 a 1 (DNA27 ti 1 #) £flH 
jUf<vy<f>yfcJ:DfiGU 30 < CT-i&»ML;fc. 
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tUTEJRUfc. ;i©S#£100wl ©iSffi*TK$S 
L, SD (-Leo) 7V-b [SD(-Leu)igi8 (0.67367t£ K 
XhD-ir>^-X. 20mg/l ©7f->> 

*x>, B^ft^X 30mg/l ©^n-», H'fVD 
-f BUS^X 50mg/l ©7xX;P75x>, 100m 
g /l ©7X/<7=¥>&, 150mg /l 

Wt'JX 200iag/l ©7.l^x>:fc«ttf 375mg/l © 
■fe'J> (£(±©75yKt4fa7tMSIS) ) 1.5% 

±ic*^. 30*CT«*ufc. &s seamen 

TzMWim#%: 5il©SD (-Leu) ^ICgSU30'C2H 
HJ]fiS**l/&. Z<D%i%mm mill £ 5ml©YPD 

1. 5ml £jg<i>#8If;:jW±fit 500 /*1 ^nit 
^©x* j -K&mfLMG&TiiWz 1 P#fS#H L&. 

©SDS-PAGEffl-y->7)l'S»JS (125mM Tris-HCI (pH6.8) 
, 4XSDS , 20S6f r 'J-fe'J>. lOSfi-fl-^kfr^hX* 

y-ji/fe^tfo.oi^^DqE^xy-;^^-) 

L. 5»K^gSDS-PAG ^V-MO/20 (S-Hfc^lS 

fi) \zrmm.ftmzn^tz. c©y;i/&afeis (0.15% 
j-m TS^fis, Kfeffi ao%ws?43«fciMo»^^y 

;i/tbT±IEpAH ^ffi^^tLT±^©pAHhPDILylCO 

(^S94.000) , •7->jflfS7;i'7S> (67,000) , * 
^7JU75> (43,000) , *-^X-;^7>t H5— if 

(30,000) . ^ShU7 , v>'r>tk*^- (20,000) * 
«ktfa-7? h7;l-73> (14.000) $ffiV»fc (^3 
BD . *©*S*, »^S*?)55K OWHttftftta-r^t* 
uCir^IB, ^.^PDI ©^H^t-StTiJ 

C t § » i t TE(T©#Mre;*cftigg£fr -3 fe. 
[0 0 6 8] p.'iHhPDILyl*fti#TSS#AH22*©m3 
nx-£80ml©SD (-Leu) ^%tcgat, 30^ 2BKS 
SfcSLfc. »6n^U«««?B80iiir341OYPD- 
•J>SSffi (YPDSffi, 6g/l ©Na. HPO< 43 
3g/l OKHj PO4, pH 7.0) tCgJffiU. 30*02 

[0069] 

««i»S<Oli»jtb hPD I g>JWifc^<P»ttft 

0) SrfflVJ, 40!&}@ffii£fTofc (100ml) ft. TSK-gel Phe 
nyl-5PWBK*e*7A(Cj:0, k h PD I SmiSLfc. 
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&*£#7Aiao.85Mtt£, 0.05% NaNj fc^tflOiM* 
ml/min TSS. Z\ ©«S:££Sg4 01^1". ^5 0|C 

msistifcb hPD i ©sDs^^sis^-r. 
ictoTh hpd i ttssm-©^ic*T»sisn, 

AO, PD 1 m&*&8LTK%Z.t1>m*>fr\Zf3i? 
fc. YPDSS6tCB&*-rs^gS®iRtiS(i. ^©i/n 

[0 0 7 0] PD Ijg&OiHig 
PD I IgtetDSJjgli, Mtc • • ffSSftlc,fcS;£?£T 
ftSL&X*7>:/;VKU#X*l'7-1fA(RNase A) 

X?U7--t?A©IS*iJ£©gg«> *®V*Stt®Btt 

•r. 

[0 0 7 1] X^5>^;i/HRNase A ©US : 120mg©R 
Nase A *<8197-V >*gK, 0.15M3??:*X W h- 
;P£^tJ3nl©0.1]lHJX:^S»aSpH8.6 fci§#Lfc 
ft, SSmiSTT, 15^H^fiTS7c£ff^&. 3§7t«3 
20.0LN HC1 TsmS-fbSii-fc-fe^ 7X5/^X0-25* 5 A 

X£jD;LpHS:9.0 \Z-£it. S - SiB'&©22&El&£l* 
Br, 4'CT14BrafT*t)'&fc. £©&***£ -8CCT## 
L,fcfe©*X^5>^Jl/HRNase A tl/rffifflUfe. 
[0 0 7 2] PD I fSttOMg : ft*S***bfc55i)l 
'J>KgSJS <pH 7.5) 20ml l;:, 10/xl ©lMi^^XU 
-f h-**JDAfc'b©fcP!»L. £©8i«A>$10Ml £ 
20«1 ©Ss^e»t*1?fc55mMU>KigSfjS(pH 

7.5) 420^1 irin^30'c-r5^¥fiiB-r^ o cntc±iH 

X^^VFRNase ®mS0u\ Sfl3^30 , C» 15#¥E 
d^T, 1. 945ml ©&fl Lit 50mMMJX& 
5mM jfiflST^^^A. 25mM^ft;*U^i> l &-&tJS 
9ja$pB7.5 IC. 50 w I ©1" — XhRNAigjg (lOmMhU 
XffiK8®fflcpH7. 5/lmM EDTA, 280nn©K3tS80IC/&^i 
SfcWMiL&'b©) £ 1 cmftS^-feJMCJO*., &#Lfc 

Oddi T09Be«a««fl:Uav>C4:ftaBLT*<. 

h-A*HLfc^^7>^JH« RNase Ajg*fc&> 
e.5wl »D, £ft£iz;i/*©}S8£££-tf&a*<&, 0.2 
»»fc2»W26«tam T©K3tS5lSl-5. PD I ffitt(i26 

onm T©8b^fcag©«B£a>s#»e>tts. 

[0 0 7 3] fc hPD I ggjtXjTXS HpAHhfDlLyl(C«k 
SBgH I S 2 3Efe©?g|gi|5& 
t hPD l%m.-7?XS. FpAHhPDILyl£fflV>T, £TF© 
^*fcai»HSA4«HH8H I S 2 3tt [ttBW2 -57 
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885 #/«:nW«flfjSll351 ^ (FERM P-113 
8) ] £KK£&Lfc. 
[0 0 7 4] YPD^V-h (2%A^hh'J^hX 

1.5X33Q ±Tr**LfcHSAJB3RW8H I S 2 3 
»©}£-:: nx-£ 5ml© YPDiglfi (2%A*^hh>J 

S) fcSS«U 3 0-C-C2 4f$fSig&ig«Lfc. £©£ 
giBElml£5 0ml©YPDS*CSaS3 Otrem&Jg 
10 tU OD.oo (»8) ifi 0.5gSIC^U&tC5TS 

4 6 wl ©5 OSSjtf'JX^k^'JZJ— ;P#4000, 1 0 
u I ©L i SCN**tf7A'j&U'*«S [Birnboim, H. 
C. S Doly, I. (1979) Nucleic AcidsRes . _7. 151 
3.]TB3KL&fc FPD I ?SS:/5X5. HpAHhPDIlyl DN 
ASiglOyl (DNAiKl2 0 ti g#) fciD^Hf^yx 
w >i'»cJ;tiS'&U 3 ot:T-^Bbfe. unici 
ml©«®*£;tjo*.SKS&, g4>#»fc,fc9«#&itJ8£ 
LTEflLfc. ;i©g#fel0 0tfl ©«B*T!BS 
a) U SD (-Hi s, -Leu) ZfV-V [SD (-H 
is, -Leu) Jg% (0.67XA* hXM3y>"<- 
X, 2%^H^*t, 2 0mg/l 07f^X 

3 Omg/1 ©?-D-», ^ VD'fv/X HU3?>. '5 
0mg/l e>yx.=.)V7<7->, lOOmg/l ©7XA7 
=?>K. H^;^5>K, 1 5 Omg/1 ©A'JX 2 0 
Omg/1 ©M^*x>*«tc;3 7 5mg/l ©-fe'J> (£t 
±©73/KB?P^*6li»^itS) ) *3«k^ 1.556* 

30 ±IC3DX-£:LT«j!(E&#£#;fc. 

[0 0 7 5] #e.nfe^KKm^ (pAHhPDILyl/HIS23) 
ltOV^T£(T©?JiltJ:0PD 1 ©^3S§SS^fc. c© 
fi5=J>hn-;WSI|ftiLr, pAHhPDILylA^PDlcDNA 
»S^^fca>hD-;py5X5 Hp AHSfflHT#5 
nfc*)«aJM«pAB/HIS28) ££nF&ffl L&. ^U- h 
±©3DX-$5ml©SD (-H i s . -L e u) t&$S. 

icgaL3 o*ct2 BmwM®m.hiz. zommmn 

OOwl <&5ml©YPD^flfiCSaa3 0*02 Antsm. 

m%%L. mznttm&m i.5mi*3si.£,>»iitcd^-e© 
40 ±fS5 0 0/ii S:1eiiku rntc^$©x^y-ju*jn 
Ajg^^Stc^T 1 BSRMHBLfc. dtii&S^BIIcAMt 
^^©^^^©^S^tlSaKtLTlHliRLS^ 

Owl ©SDS-PAGEffl-y->^JW^®fflE [62. 5mM T 
ris-HCl(pH6.8), 2%SDS, , 5 % 0 - *)Vl3~fY3- 

t>;-)\>. o.oo5%yD^7xy-;^;u-*3«t:iy:2 o 

%^U-fe'J>] lrS»L. 5»WfMSDS-PAG 
^W- M/2 0 -1010 (^-ib^^fatt^ihS) T 

m^m^n^tz. wm&Mi'ftzm&te (o.i5%i/v 

50 v-yjU7>h^;W-. lO^l^^OSi!^^ 
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;-M T*fl«. JSife^ (i oxi«fc.fctf4 0x* 

©IS, ^M^iUT^^X^^'J^— Kb (tf^a 
94, 000*01/ ^->JilJi7;i/^5> (67,000) , * 
#7)VZfS.> (43,000) , l3-^~vtf7y\iYv— if 
(30,000) » ^ShUT^X >fcK£- (20,000) 43 
«fctf H7^S> (14,000) tJBfcfc (S6 

B) . *©»§£, BfflhPDILylK±oT»Mi»l/fcB* 
H I S 2 3flcT. ^ft«55.000^;V'h>©PD I ©* 

10 0 7 6] t h PD I ©H S A3BBM»»fcjtW6«» 
±E©**fc*»*HS A*±tfPD I ©#5BSI££ffl 
HT, thPDIOHSA58a»*K«i-*3a*ftttT 

[0 0 7 7] 3>hn-;^7X5 HpAH*ii;t h 
PD I feS75*S FpAHhPDILyl-tn-eniCioT^S! 
(g&bfcBSH 1 S 2 3&, 8P"6p AH/H I S 2 38s 
43,i:tfpAHhPDILyl/HIS23 »©a4lfcnnz- 
•3£#4 5nl©SD (-Hi s. -Leu) JgJfclCga 
U3 0*CT2 4«fKt5««*fTO&. COfltftaMlO 
Ojttl $-tn-?tl5Bl©YPDS%fC^aU3 0t:T2 

flSfciOSDS-PAGEJBOttWttMaLSDS-P 
AGESfrfcofc (317 Bl) . #6nfc.y;PSfflUT. 
##©HSA#i&»£7 i >S'M-:?- (IMAGE ANALYS 
IS SYSTEM , x73*S;^ttSSD TJtttftU PDI© 
*585llc±*HSA0565KM6«o«fctP'«& (SS8 
0) . *©»*, pAH/H I S 2 3»T^0.93mg/ 



2/ 



1 $fcpAHhPDILyl/HIS23 fcTB S < 1. 50mg/l ©HS 
ASr»»lxT*SD. KSHI S2 3«clC*3ltSthPD 
I©#5S!fcJ:0. HSAC»8iBWT»6 0XO 

[0 0 7 8] 

EJU^a-H-fSDNAtth^nx-f >yXJW7-f H 

K«k 0 . thPDI ©*a^Sft©#®S:«J»T5fcSU 
i# fct>©Ta&-5. tniriD, £©#&«, S-S*£-&© 

mtzfem? * &© tc*ft*ofttf t UTffl w s 

e*oaHtfl:KSMIfi5rC*«i«»*.6»i, £©»$©& 
Sl*tt©*J8*U *7>H«D5Wfc#*S** Hit* 

[0 0 7 9] 

ejxis^ : 1 

E59©fiS : 2454 
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GAATTCCGGG GGCGACGA6A GAAGCGCCCC GCCTGATCCG TGTCCGAC ATG CTG CGC 57 

Met Leu Arg 
-15 

CGC GCT QG QG TGC aG GCC GTG GCC GCC CTG GTG CGC GCC GAC GCC 105 
Arg Ala Leu Leu Cys Leu Ala Yal Ala Ala Leu Val Arg Ala Asp Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 153 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Phe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 201 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 249 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 297 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 345 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 
70 75 80 
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25 26 
CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 393 
Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 441 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 489 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 537 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 585 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 633 
Asp Asp He Pro Phe Gly lie Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 681 
Tyr Gin Leu Asp Lys Asp Gly Val Vai Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 729 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 777 
Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 825 
Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 873 
Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser Asn Phe 

245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 921 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys lie Leu Phe He Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 969 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 1017 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu lie Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1065 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg He 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1113 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys lie Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1161 
Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 
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2T 28 
340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1209 
Leu Val Gly Lys Asn Phe GIu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1257 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1305 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1353 
lie Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 1401 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1449 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1497 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1545 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG TAA TACGCAAAGC CAGACCCGGG 1595 
Asp Gin Lys Ala Val Lys Asp Glu Leu * 

485 490 
CGCTGCCGAG ACCCCTCGGG GGCTGCACAC CCAGCAGCAG CGCACGCCTC CGAAGCCTGC 1655 
GGCCTCGCTT GAAGGAGGGC GTCGCCGGAA ACCCAGGGAA CCTCTCTGAA GTGACACCTC 1715 
ACCCCTACAC ACCGTCCGTT CACCCCCGTC TCTTCCTTCT GCTTTTCGGT TTTTGGAAAG 1775 
GGATCCATCT CCAGGCAGCC CACCCTGGTG GGGCTTGTTT CCTGAAACCA TGATGTACTT 1835 
TTTCATACAT GAGTCTGTCC AGAGTGCTTG CTACCGTGTT CGGAGTCTCG CTGCCTCCCT 1895 
CCCGCGGGAG GTTTCTCCTC TTTTTGAAAA TTCCGTCTGT GGGATTTTTA GACATTTTTC 1955 
GACATCAGGG TATTTGTTCC ACCTTGGCCA GGCCTCCTCG GAGAAGCTTG TCCCCCGTGT 2015 
GGGAGGGACG GAGCCGGACT GGACATGGTC ACTCAGTACC GCCTGCAGTG TCGCCATGAC 2075 
TGATCATGGC TCTTGCATTT TTGGGTAAAT GGAGACTTCC GGATCCTGTC AGGGTGTCCC 2135 
CCATGCCTGG AAGAGGAGCT GGTGGCTGCC AGCCCTGGGG CCCGGCACAG GCCTGGGCCT 2195 
TCCCCTTCCC TCAAGCCAGG GCTCCTCCTC CTGTCGTGGG CTCATTGTGA CCACTGGCCT 2255 
CTCTACAGCA CGGCCTGTGG CCTGTTCAAG GCAGAACCAC GACCCTTGAC TCCCGGGTGG 2315 
GGAGGTGGCC AAGGATGCTG GAGCTGAATC AGACGCTGAC AGTTCTTCAG GCATTTCTAT 2375 
TTCACAATCG AATTGAACAC ATTGGCCAAA TAAAGTTGAA ATTTTACCCA CCCAAAAAAA 2435 
AAAAAAAAAA CCCGAATTC 2454 
2 @CD&: 
SWJOgS : 1545 h#Dv?- : 

mi 

ATG AAG TGG GTT ACC TTC ATC TCT TTG TTG 30 
Met Lys Trp Val Thr Phe He Ser Leu Leu 
-20 -15 
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29 30 
TTC TTG TTC TCT TCT GCT TAC TCT AGA GGT GTT TTC AGA AGG GGC GCC 78 
Phe Leu Phe Ser Ser Ala Tyr Ser Arg Gly Val Pbe Arg Arg Gly Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 126 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asa Phe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 174 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 222 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 270 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 318 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 

70 75 80 

CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 366 
Pro Thr lie Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 414 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 462 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 510 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 558 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala lie 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 606 
Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 654 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TH GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 702 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 750 
Phe lie Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 798 
Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 846 
Phe Leu Pro Lys Ser Val Ser Asp Try Asp Gly Lys Leu Ser Asn Phe 
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31 32 
245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 894 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 942 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 990 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1038 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg lie 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1086 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1134 
Met Ser Glo Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1182 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1230 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1278 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1326 
He Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 1374 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1422 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1470 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1518 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG 1545 
Asp Gin Lys Ala Val Lys Asp Glu Leu 
485 490 
&m^: 3 h#Ov>-:MHtt 
Bmn&i: 491 BWO«SI:^>/t^K 
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33 



34 



Gly Ala Pro GIu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn 

1 5 10 15 

Phe Ala Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr 

20 25 30 

Ala Pro Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys 

35 40 45 

Ala Ala Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys 

50 55 60 

Val Asp Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg 
65 70 75 80 

Gly Tyr Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro 

85 90 95 

Lys Glu Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu 

100 105 110 

Lys Lys Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala 

115 120 125 

Ala Glu Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe 

130 135 140 

Lys Asp Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu 
145 150 155 160 

Ala He Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe 

165 170 175 

Ser Lys Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe 

180 185 190 

Asp Glu Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu 

195 200 205 

Leu Asp Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr 

210 215 220 

Glu Gin Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He 
225 230 235 240 

Leu Leu Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser 

245 250 255 

Asn Phe Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He 

260 265 270 

Phe He Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe 

275 280 285 

Gly Leu Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu 

290 295 300 

Glu Glu Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu 
305 310 315 320 

Arg He Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro 



His Leu Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val 

340 345 350 

Lys Val Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys 

355 360 365 

Lys Asn Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys 

370 375 380 

Gin Leu Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His 



325 



330 



335 



385 



390 



395 



400 
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35 36 
Glu Asn He Val He Ala Lys Met Asp Ser Thr Ala Asd Giu Yal Glu 

405 410 415 

Ala Val Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser 

420 425 430 

Ala Asp Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly 

435 440 445 

Phe Lys Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp 

450 455 460 

Asp Asp Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu 
465 470 475 480 

Asp Asp Asp Gin Lys Ala Val Lys Asp Glu Leu 
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